Introduction
T he Sultanate of Oman has an extensive coast line that exceeds 3000 km in length providing a wealth of natural fishery resources, renewable sources of revenue and opportunities for the development of sustainable aquaculture enterprises. Like Bahrain, Kuwait, Qatar, Saudi Arabia, UAE and Yemen, the Sultanate of Oman has no extensive regions of freshwater and so much of the country's population is distributed along its coast, with easier access to marine resources. Oman's affinity for the sea is reflected in its rich traditions and cuisine and Oman's average per capita consumption of marine fish remains among the highest in the world and surpasses that of many South-East Asia countries.
Fishbase (Froese & Pauly, 2014) cites 1,018 fish species for the Sultanate of Oman. Of these nine species belong to freshwater (four endemic, two native and three introduced species) whilst the remaining species belong to brackish and marine waters of which five species are misidentifications, 12 species are of questionable identity and three species are thought to be species that have strayed into Omani waters. FAO FishStatJ (2013) (FAO, 2011) . With a national strategy for the development of aquaculture, there is also a parallel need to be aware of factors that may impact on production and to put in place management practices to either prevent or minimize their effect. The prevention and treatment of disease, for example, throughout the aquaculture industry is essential. Deterioration in water quality combined with heavy losses from a variety of fish diseases has proven a major obstacle to the further development of fish aquaculture industries.
The impacts that parasites can have on marine aquaculture, for example, has been recently reviewed by Shinn et al. (2014) . In particular, diseases caused by monogenean parasites have resulted in considerable economic damage to the aquaculture industry (Buchmann et al., 1995; Bondad-Reantaso et al., 2005; Bakke et al., 2007) . In marine aquaculture, infections of Heteraxine heterocerca (Goto, 1894) Yamaguti, 1938 and Benedenia seriolae (Yamaguti, 1934) Meserve, 1938 on Japanese amberjack, Seriola quinqueradiata Temminck et Schlegel, 1845 as reported by Kubota & Takakuwa (1963) were calculated by Shinn et al. (2014) to have cost the Japanese industry approx. US$ 1 M at the time of the event whilst more recent figures for the collective impact of B. seriolae on S. quinqueradiata, on greater amberjack, Seriola dumerili (Risso, 1810), and on kingfish, Seriola lalandi Valenciennes, 1833, has been estimated at US$ 214 M (Whittington et al., 2001; Ernst et al., 2002) . Variable losses due to the gill polyopisthocotylean Zeuxapta seriolae (Meserve, 1938) on these seriolid hosts also contribute to losses throughout the industry (see Shinn et al., 2014) . Other notable monogenean induced losses of marine aquaculture species include infections of Diplectanum aequans (Wagener, 1857) Diesing, 1958 on European seabass, Dicentrarchus labrax (L.). Infections on juvenile Italian stock as reported by Dezfuli et al. (2007) was later estimated by Shinn et al. (2014) to have caused losses worth US$ 0.925 -1.85 M. Yoon et al. (1997) reported that high prevalences of infection (i.e. 77.8-100%) of Microcotyle sebastis Goto, 1894 on Korean rockfish, Sebastes schlegelii Hilgendorf, 1880 can lead to high parasite burdens of up to 2120 fish -1 and the mass mortality of stock. Estimates of loss at the time of the report are put at US$ 7,910 t-1 (Shinn et al., 2014) . There are also numerous reports in the literature relating to the impact of the capsalid Neobenedenia [syn. Girellae] melleni (MacCallum, 1927) Yamaguti, 1963 on a range of host fish. Notable recorded losses of aquaculture stock include infections on cobia, Rachycentron canadum (L., 1766) reared in Taiwanese waters (Lopez et al., 2002; Ogawa et al., 2006) worth an estimated US$ 0.9-1.8 M (Shinn et al., 2014) . Infections of Sciaenocotyle panceri (Sonsino, 1891) on meagre, Argyrosomus regius Asso, 1801 (see Merella et al., 2009; Shinn et al., 2014) and Heterobothrium okamotoi Ogawa, 1991 on tiger pufferfish, Takifugu rubripes (Temminck et Schlegel, 1850) (see Ogawa & Inouye, 1997; Ogawa et al., 2005; Shinn et al., 2014) are also recorded to result in the mass mortality of stock and heavy economic loss.
Of the 989 valid fish species found in Omani coastal waters, FishBase suggests that 45 of these may be of potential use in aquaculture (see Table 2 ). In this study, we take the first steps to assessing the potential of some of these species as candidates for aquaculture by looking at their parasite profiles with a view to being better informed of the potential risks that some of these may pose under intensive aquaculture conditions. Here we look at the communities of platyhelminth monogeneans on the gills of three commonly caught and traded species of sparid (Sparidae, Perciformes) in Omani waters, namely the soldier seabream, Argyrops filamentosus (Valenciennes, 1830), the king soldier seabream, Argyrops spinifer (Forsskål, 1775) , and the silver seabream or "tarwhine", Rhabdosargus sabra (Forsskål, 1775).
Materials and methods

Sampling location and parasites collection
The three species of seabream, A. filamentosus, A. spinifer and R. sabra, caught within the Sea of Oman off the coastal city of Muscat and landed at the port of Muttrah (23º 37' 08.65" N; 58º 35' 33.76 E) were sampled throughout the period May 2012 to April 2013. A total of 200 specimens, that were either alive or fresh dead at the time of acquisition, were screened from biweekly samples. Following collection, the specimens were immediately transported to the parasitology laboratory at Sultan Qaboos University where the fish were measured (total length to the nearest 1 cm) and weighed (to the nearest 1 g). Thereafter, the gills were excised and screened for monogenetic trematodes under an Carl Zeiss Stemi 2000 dissecting microscope.
Identification of monogeneans
The isolated monogeneans from individual fish were fixed and stored in 80% ethanol. The internal morphology was discerned by staining representative samples in Gill monogenean communities on three commercially important sparid fish 1% acetic carmine. Identification of the monogeneans was based using a series of key morphological features, including those relating to the eggs (when present), clamp (including sclerite morphology) shape, number and configuration, shape and relative armature of the genital / vaginal atria etc. using the key of Yamaguti (1963) and a recent description provided in Yoon et al. (2013) .
Data analysis
From the parasitological examinations a number of basic metrics are provided and these follow those detailed in Bush et al. (1997) , i.e. parasite prevalence is the number of fish infected with one or more individuals of a particular parasite species divided by the number of hosts examined expressed as a percentage; and, the mean intensity is given by the total number of parasites encountered divided by the number of infected hosts.
Results and discussion
Three species of monogenean were encountered on the gills of the three sparids in the current study and the prevalence, mean intensity and distribution of these are summarized in Table 3 and Figure 4a- yamaguti, 1953 (Family Heteromicrocotylidae Unnithan, 1961 , which as yet remains to be formally identified, was found on the species of two Argyrops i.e., the soldier seabream A. filamentosus, and the king soldier seabream, A. spinifer. This pattern of host infection is interesting and leads to the question of whether O. heterospina demonstrates a broad host specificity that includes other sparids found in Omani waters. Currently 17 species of sparid (Sparidae, Perciformes) classified into ten genera (Acanthopagrus -5 species; Argyrops -1 species; Boops -1 species; Cheimerius -1 species; Crenidens -1 species; Diplodus -3 species; Lithognathus -1 species; Pagellus -1 species; Rhabdosargus -2 species; and, Sparidentex -1 species) are documented in Fishbase as occurring in Omani waters (Froese & Pauly, 2014) . Interestingly though, this list does not include the soldier seabream, A. filamentosus, and suggest a need for update. Although this study documents the occurrence of O. heterospina on hosts from two different genera, future studies could determine whether they occur on other sparid genera. Monogeneans are generally regarded as being host-specific or having a narrow host range and different degrees of this was demonstrated by the study of Rohde (1979) who from a survey of marine mono- Yoon, Al-Adawi, Shinn geneans found that 340 species (78%) were restricted to single host species, 388 species (89%) to one genus, 420 species (96%) to one family and 429 species (98%) to one order. Similar ideas on the host-specificity of monogeneans were discussed by Llewellyn et al. (1984) . One observation worthy of note is that during the post-mortem dissection, the gill filaments of the silver seabream were noticeably more delicate than those of the other two hosts and this may be factor in the colonization success of polyopisthocotylean monogeneans. The distribution of monogeneans on the gills, as a community of species, is presented in Figure 3 . It would appear that O. heterospina, the only monogenean infecting the gills of A. spinifer, has an equal distribution across the left and right hemibranchs with no discernible preference for particular gill arches. The same situation appears to be the case of A. filamentosus which is infected by Heteromicrocotyla sp. and O. heterospina. The monogeneans on the gills of R. sabra, however, favour the first gill arch and whether this is skewed by the particular habitat preferences of the species of Microcotyle infecting this host is currently under investigation. Buchmann et al. (1987) and Buchmann (1988) suggested that the demonstrable preference by species of Pseudodactylogyrus for the first and fourth gill arches on European eels (Anguilla anguilla), is because of the lower flow over these gill arches. The morphology of the buccal and opercular cavities in these sparids is also under investigation and is it hoped that the data will help explain the microhabitat preferences displayed by these monogeneans on the gills of these three sparid hosts. Table 3 . Summary of the monogeneans encountered on three commercially important species of sparid fish caught in Omani coastal waters and brought in through the port of Muttrah. The mean intensity is given for each followed by the prevalence in parentheses.
Argyrops filamentous (n= 240)
Argyrops spinifer (n =183)
Rhabdosargus sabra (n=237) Heteromicrocotyla sp. 
